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Abstract 

Background: Macrovascular diseases (MVD) in type 2 diabetes mellitus (T2DM) are often considered all together, 
without discriminating the areas involved. The aim of our study was to analyse MVD prevalence in a large population 
of T2DM patients by dividing the cases into subgroups according to MVD sites (NMVD, no MVD; NSCS, non-significant 
carotid stenosis; CBVD, cerebrovascular disease; CAD, coronary artery disease; PAD, peripheral artery disease; PVD, 
polyvascular disease) and studying the anthropometric, clinical and laboratory parameters in each group. 

Methods: A diabetic outpatient cohort (n = 1 199) was retrospectively studied. Demographic, clinical and laboratory 
parameters were included in analyses. A thorough cardiovascular history as documented by previous medical records 
(including medical and hospital records) and vascular laboratory studies (including standardised electrocardiogram, 
echocardiogram, provocative tests for cardiac ischaemia, ankle/brachial index, duplex ultrasonography of the carotid 
and lower limbs and, in selected cases, computed tomography angiography, carotid and peripheral arteriography and 
evaluation of transcutaneous oxygen pressure), was collected for all of the patients. Standardised procedures were 
used to assess microvascular complications as well as metabolic syndrome (Mets). 

Results: The unadjusted MVD prevalence was 46.4% among the participants. The majority of patients with MVD were 
in the PVD group. In the multivariate analysis, age, male sex and diabetes duration were independent risk factors for 
PAD and PVD (P < 0.01). A low HDL-C value was an independent risk factor in the CAD and PVD groups (P = 0.03). Very 
high frequencies of MetS were observed in the PAD and PVD groups (94.9 and 95.7% respectively). The most MetS 
diagnostic criteria were recorded among members of the CAD group (all or all-1 criteria were present in 73% of 
patients). The average age in the CAD group (64.5 y) was comparable to that of the NMVD group. Microvascular 
complications were more frequent in the PAD and PVD patients. 

Conclusion: Phenotypic heterogeneity is associated with different macrovascular complications in T2DM patients. These 
findings might have clinical implications for developing diagnostic and therapeutic strategies targeting type 2 diabetes. 
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Background 

Cardiovascular complications are the leading cause of mor- 
bidity and mortality among patients with type 2 diabetes, 
and cardiovascular disease (CVD) risk is 2- to 8-fold higher 
in the diabetic population than it is in non-diabetic indivi- 
duals of a similar age, sex and ethnicity [1,2]. Furthermore, 
macrovascular complications are the largest contributor to 
the direct and indirect costs of diabetes [3]. However, when 
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describing cardiovascular disease in diabetic patients, the 
patient population is lumped together as a heterogeneous 
group with CVD, without separation into subgroups ac- 
cording to the macrovascular disease type. Furthermore 
multiple vascular sites are often simultaneously involved in 
type 2 diabetic patients, which contributes to the highest 
cardiovascular risk in this population. To the best of our 
knowledge, no extensive clinical studies of type 2 diabetic 
subjects have stratified patients according to their macro- 
vascular complications. The aim of our retrospective study 
was to evaluate macrovascular disease in a large cohort of 
type 2 diabetic adults by dividing the subjects into several 
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subgroups according to the vascular areas that were in- 
volved. We also studied differences between these sub- 
groups in their anthropometric, clinical and laboratory 
characteristics, as well as their MetS prevalence/severity. 

Methods 

Subjects 

In this observational, cross-sectional survey, we studied 
1199 subjects with type 2 diabetes who had been referred 
to us by general practitioners or other specialists for dia- 
betes management and/or chronic complication assess- 
ment between January 1, 2008 and January 1, 2011. The 
subjects were divided into 6 subgroups: NMVD, no 
macrovascular disease; NSCS, non-significant carotid ste- 
nosis; CBVD, cerebrovascular disease; CAD, coronary 
artery disease; PAD, peripheral artery disease; and PVD, 
polyvascular disease. The data were collected from a diag- 
nostic Day-Hospital in our centre and were retrospectively 
analysed. The exclusion criteria were as follows: acute ill- 
nesses, advanced renal disease (creatinine clearance <15 
ml/min or dialysis), chronic active hepatitis (liver transa- 
minases >2 times higher than the normal range and/or 
positive viral hepatitis B or C serology), or glucocorticoid 
therapy. The local ethics committee approved the study. 

Clinical and laboratory measurements 

Body weight was measured in light clothing without 
shoes to the nearest half kilogram. Height was measured 
to the nearest half centimetre. Body mass index (BMI) 
was calculated as the weight (kg) divided by height 2 (m). 
Waist circumference (WC, to the nearest half centimetre) 
was measured in the standing position at the umbilicus. 
Arterial blood pressure was taken with a standard mer- 
cury blood pressure meter. Three blood pressure readings 
were obtained at 1 min intervals, and the systolic and dia- 
stolic pressure readings were averaged and used for the 
analysis. Venous blood was drawn in the morning at ward 
admission after a 10-12 h overnight fast. All of the bio- 
chemical parameters were evaluated with standard labora- 
tory procedures. All of the patients were tested for viral 
hepatitis B and C. LDL cholesterol was calculated by the 
Friedewald formula except when the serum triglyceride 
concentration was >400 mg/dL. HbA lc was measured by 
high-performance liquid chromatography (HPLC); the 
upper normality limit for the laboratory was 5.9%. A daily 
glycaemic profile with 6 finger-prick tests (One Touch 
Ultra, LifeScan, Milpitas, California, USA) was also ob- 
tained from all of the patients. Metabolic Syndrome 
(MetS) was diagnosed using the AHA-NHLBI criteria [4], 
by the presence of diabetes and >2 of the following com- 
ponents: 1) WC >102 cm in men and >88 cm in women; 
2) triglycerides >1.7 mmol/L (150 mg/dL) or fibrate/fish 
oil users; 3) HDL <1.0 mmol/L (40 mg/dL) in men and 
<1.29 mmol/L (50 mg/dL) in women; and 4) blood 



pressure > 130/85 mmHg or receiving blood pressure re- 
duction treatment. 

Macrovascular complication evaluation 

A thorough cardiovascular history, as documented by pre- 
vious medical records (including medical and hospital 
records) and vascular laboratory studies (including standar- 
dised electrocardiogram, echocardiogram, ankle/brachial 
index, duplex ultrasonography (DUS) of the carotid and 
lower limbs and provocative tests for cardiac ischaemia), 
was collected for all of the patients. 

Non-significant carotid stenosis (NSSC) diagnosis 

Asymptomatic patients with 50-69% carotid stenosis in 
any section as detected by DUS were diagnosed with 
NSSC. 

Cerebrovascular disease (CBVD) diagnosis 

Patients with a history of TIA, previous stroke (as con- 
firmed by CT/MRI brain scan), or previous significant/ 
symptomatic carotid stenosis (patients had undergone 
surgical or endoluminal interventions) were diagnosed 
with CBVD. However, asymptomatic patients with signifi- 
cant stenosis (>70% in any section as detected by DUS 
and confirmed by computed tomography angiography 
(CTA)) were also included in this group. Patients who 
were undergoing interventional procedures were sent di- 
rectly for a carotid arteriography. 

Coronary artery disease (CAD) diagnosis 

We included in this group all of the patients with previous 
acute coronary sindromes (ACS) diagnoses (STEMI, 
NSTEMI, unstable angina) whether or not they had endo- 
luminal or surgical revascularisation procedures. We also 
included those patients with ischaemic heart disease and 
stable angina. All of the patients were subjected to cardiac 
examination, ECG and echocardiogram to confirm the 
previous diagnosis. Patients with ECG abnormalities or 
symptoms that were suggestive of ischaemia and/or with 
provocative tests suspected for myocardial ischaemia were 
sent for a coronary angiography to confirm the diagnosis 
or endoluminal treatment. 

Peripheral artery disease (PAD) diagnosis 

Patients who had endoluminal or surgical revascularisation 
interventional procedures, had previous amputations, or 
had been diagnosed with ischaemic ulcers were diagnosed 
with PAD. All of the symptomatic patients (Fontaines 
classification stage II-IV) who were confirmed by ABI and 
DUS were diagnosed with PAD. Asymptomatic patients 
with an ABI <0.9 who had significant stenosis or occlu- 
sions as determined by DUS (and confirmed by peripheral 
CTA) were also included in the PAD group. Patients with 
suspected critical limb ischaemia were evaluated by 
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transcutaneuos oxygen pressure (TcP02); if the results 
were <30 mmHg, then the patients were referred to angi- 
ography to perform endoluminal procedures. 

Polyvascular disease (PVD) diagnosis 

When two or more of the above conditions were present 
at the same time, the patients were diagnosed with PVD. 

No macrovascular disease (NMVD) diagnosis 

Patients who did not meet the criteria above were not 
considered to have cardiovascular disease. 

Microvascular complication evaluations 

Microvascular complications were evaluated using fundus 
oculi and/or fluorescence angiography to assess retino- 
pathy, urinary albumin excretion and eGFR calculation to 
assess nephropathy, and the lOg monofilament test and 
vibration perception threshold analysis to assess peri- 
pheral neuropathy. Microalbuminuria was defined as uri- 
nary albumin excretion between 30 and 299 mg/day on at 
least 2 of 3 occasions. The eGFR was calculated using the 
MDRD formula [estimated GFR (mL/m/1.73 m 2 ) = 186 x 
creatinine (mg/dl)" 1154 x age (yy)" 0 203 x 0.742 (if female) x 
1.210 (if of black ethnicity)] [5]. Diabetic retinopathy was 
defined as any diabetes-linked retinal injury. Diabetic per- 
ipheral neuropathy was diagnosed based on neuropathic 
symptoms, insensitivity to a lOg monofilament and an ab- 
normal vibration perception threshold. 

Statistical analysis 

The data were tested for normalcy using the Kolmogorov- 
Smirnov test, which indicated a non-Gaussian distribution 
for all continuous variables; therefore, the results were 
reported as a median value and an interquartile range 
(IQR, 25 th -75 th quartiles). Univariate analysis was per- 
formed with the non-parametric Kruskal-Wallis test and 
Dunns multiple comparison post-hoc test to compare 
each of the continuous variables of interest among the 
macrovascular groups. The qualitative variable data were 
expressed as frequencies, and the groups were compared 
using the chi-square test. Multivariate logistic regression 
analysis was used to determine whether traditional cardio- 
vascular risk factors (sex, age, smoking status, diabetes 
duration, WC, SBP, DBP, LDL-C, HDL-C, triglyceride 
levels, HbAlc, FPG, use of antihypertensive and lipid- 
lowering drugs and the presence of AHA/NHLBI-defined 
metabolic syndrome) were associated with prevalent CVD 
(dependent variable, MVD; reference group, NMVD), and 
the results were expressed as odds ratios (ORs) ± 95% CI. 
The ORs were calculated using exponential logistic regres- 
sion coefficients. A p-value of less than 0.05 was consid- 
ered to be statistically significant. All of the analyses were 
performed with SPSS version 17 (Chicago, IL, USA) and 
Prism software (GraphPad, USA). 



Results 

Clinical and biochemical patient characteristics are pre- 
sented in Table 1. In total, 643 (53.6%) patients had no 
evidence of macrovascular disease, and the remaining 556 
(46.4%) had MVD (see Figure 1, panel A). There were 
12.4% of the MVD patients who were classified as NSCS, 
14.6% as CBVD, 16% as CAD, 10.6% as PAD, and 46.4% as 
PVD (Figure 1, panel B). 

Univariate analyses 

Macrovascular disease, anthropometric and clinical data 

Patients with CBVD, PAD and PVD were older than were 
patients in the other groups. CAD patients were similar in 
age to those without complications and to those in the 
NSCS group. Male patients were more numerous in CAD, 
PAD and PVD groups, whereas female patients were more 
numerous in the other groups. 

Diabetes duration was significantly greater in the PAD 
and PVD patients. BMI was significantly lower in the PVD 
group compared to the NMVD and CAD groups. 

Macrovascular disease and metabolic parameters 

We found no differences in the metabolic parameters 
among the 6 subgroups. The HbAlc levels, FPG levels, 
post-prandial glucose levels, and Apre-postprandial plasma 
glucose levels were comparable among all of the groups. 
All of the data were outside of the normal ranges because 
the patients had poor glycaemic control at this first obser- 
vation in our centre. 

Macrovascular disease and lipoprotein profile 

The extensive use of statins across all of the groups 
strongly influenced the lipid profile in our patients. The 
total cholesterol levels were higher in patients without 
complications or with NSCS compared with CAD or PVD 
patients, and the LDL-C values followed the same trend. 
HDL-C was significantly lower in the CAD and PVD 
patients compared to those in the NMVD and CBVD 
groups. No significant differences in the triglyceride values 
were found among the groups. 

Macrovascular disease and MetS 

As expected, metabolic syndrome prevalence was signifi- 
cantly greater in patients who belonged to the macrovas- 
cular groups than in patients who did not have 
complications. The highest prevalence was recorded in the 
PAD (94.9%) and PVD (95.7%) patients. The simultaneous 
presence of 3 or 4 diagnostic MetS criteria (indicating 
MetS severity) was more frequent in CAD patients (73%) 
(Figure 2). 

Macrovascular disease and microvascular complications 

Microvascular complications (diabetic retinopathy, diabetic 
nephropathy and diabetic neuropathy) were significantly 



Table 1 Clinical and metabolic patient variables (all of the patients and grouped according to macro-vascular involvement) 



Variables 


All 


NMVD (1) 


NSCS (II) 


CBVD (III) 


CAD (IV) 


PAD (V) 


PVD (VI) 


p differences among 
the groups 3 


N patients (%) 


1199 


643 (53.6) 


69 (5.7) 


81 (6.8) 


89 (7.4) 


59 (4.9) 


258 (21.5) 


- 


Age (yy) 


67 (58-75) 


63 (55-72) 


66 (59-71) 


73 (66-79) 


65 (55-75) 


72 (65-76) 


73 (67-78) 


I*III,V,VI***, ll*lll**,VI*** III^IV***, 

l\ /_L\ l¥r \ /l^f-^f^f 

IVtV ,VI 


Sex %M 


49.5 


45.3 


39.1 


37 


58.4 


61 


61 .2 




DM2 duration (yy) 


12 (6-20) 


in /r 1 o\ 

1 0 (5- I o) 


1 0 (5-1 5.5) 


12.5 (/-20) 


14 (6-20) 


20 (10-30) 


20 (10-28.3) 


l=FV,VI , II=fV,VI , 1 1 1 =fVI , 
IV*VF 


Weight (Kg) 


80 (69.5-92.7) 


81 (71.1-94.4) 


80.1 (67.3-93.8) 


74.6 (65.1-85.5) 


85.7 (74.4-98.6) 


75.2 (67-90) 


76.5 (65.4-87.8) 


i*iii,vi**, nmv***, iv*vi** 


BMI (Kg/m 2 ) 


31.1 (27.6-35.5) 


31.5 (28.1-36.4) 


31.5 (26.5-36.6) 


29.7 (27.1-33.6) 


32.2 (27.6-37) 


30.3 (26.3-34.9) 


30 (26.3-33.8) 


l*VI**, IV*VI* 


WC (cm) 


105 (97-118) 


106 (97-120) 


105.5 (94.3-119) 


102 (96-110.5) 


110 (98-120) 


103 (98-115.8) 


104 (97-116) 


ns 


Smoking history % 


27.3 


26.9 


20.3 


14.8 


25.8 


33.9 


32.6 


... 


SBP (mmHg) 


130 (120-140) 


130 (120-140) 


130 (120-140) 


130 (120-140) 


130 (120-140) 


130 (120-145) 


130 (120-140) 


ns 


DBP (mmHg) 


80 (70-80) 


80 (70-80) 


80 (70-80) 


70 (70-80) 


80 (70-80) 


70 (70-80) 


80 (70-80) 


ns 


TC (mg/dl) 


178 (151-210) 


183 (157-212) 


201 (175-221) 


176 (153-204) 


162 (132-193) 


179 (156-212) 


165 (135-196) 


mvyi***, imvyi*** 


HDL-C (mg/dl) 


45 (38-55) 


47 (39-57) 


49 (39-58) 


47 (41-60) 


42 (35-50) 


45 (39-55) 


43 (35-52) 


i*iv*j*vi***, nmvyi* 


LDL-C (mg/dl) 


102(77-131) 


105(83-133) 


121(99-144) 


101(76-129) 


82 (64-116) 


102(74-130) 


91 (70-123) 


i*iv,vi***, imvyi*** 


TG (mg/dl) 


124 (91-166) 


123 (91-161) 


125 (96-173) 


117 (82-149) 


126 (94-184) 


123 (90-170) 


130 (91-176) 


ns 


HbA1c (%) 


8.1 (7-9.5) 


8.1 (7.1-9.7) 


8 (6.9-10.2) 


8.2 (6.8-9.5) 


8.1 (7.2-9.5) 


7.7 (6.8-9) 


8 (7-9.3) 


ns 


FPG (mg/dl) 


174 (139-224) 


174 (138-230) 


177 (148-232) 


169 (138-213) 


182 (142-222) 


177 (140-218) 


174 (137-219) 


ns 


2h-BG (mg/dl) 


201 (160-265) 


203 (160-270) 


219 (174-286) 


195 (160-232) 


205 (160-270) 


200 (167-239) 


200 (155-254) 


ns 


ABG (prandial) 


34 (-6-76) 


35 (-3-79) 


44 (14-81) 


39 (-8-88) 


38 (-1-61) 


31 (-22-58) 


22 (-16-69) 


ns 


MetS % 


88 


83.1 


91.3 


88.9 


89 


94.9 


95.7 




3-4 MetS factors % 


61 


55.7 


62.3 


64.2 


73 


69.5 


66.7 


... 


eGFR 


84 (65-101) 


89 (74-106) 


87 (61-100) 


79 (65-99) 


82 (57-103) 


66 (49-88) 


68 (50-88) 


miryvi***, ii*v*, ii*vi**, iv*vi* 


Albuminuria % 


25.9 


24.3 


21.9 


25.3 


31.8 


33.3 


27.2 


ns 


DR % 


37.3 


28.6 


33.3 


40.7 


38.2 


78 


49.2 


... 


DN % 


49.7 


39.0 


42.0 


53.1 


43.8 


88.1 


70.5 


... 


Statin users % 


65 


55.4 


69.6 


70.4 


76.4 


81.4 


78.7 


... 


AH user % 


80.4 


72.3 


79.7 


85.2 


91 


96.6 


91.9 




OHA users % 


38.3 


43.2 


49.3 


42 


39.3 


20.3 


25.6 


... 


OHA+BI users % 


13.6 


16.5 


11.6 


8.6 


10.1 


10.1 


10.5 




MDI users % 


48.1 


48.1 


39.1 


49.4 


50.6 


69.3 


63.9 





Data are medians (IQR, 25 th -75 th quartiles) or proportions; a Kruskal-Wallis one-way ANOVA with Dunn's multiple comparison post-hoc test and^-test; ns, not significant; *p<0.05, **p<0.01, *** p<0.001; 2h-BG, 2h 
glycaemia after meals; A BG, A post-preprandial glycaemia; DR, Diabetic retinopathy; DN, Diabetic Neuropathy; eGFR was expressed as mL/min/1.73 m 2 . 
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Figure 1 Panel A: Macrovascular complication prevalence in our population. Panel B: Macrovascular subgroup prevalence in patients 
with macrovascular complications. The data are frequencies. 



more prevalent in PAD and PVD subjects than in the other 
subjects. 



Multivariate Analysis 

Multivariate logistic regression analysis was used to deter- 
mine whether traditional cardiovascular risk factors (sex, 
age, smoking status, diabetes duration, WC, SBP, DBP, 
LDL-C levels, HDL-C levels, triglyceride levels, HbAlc 
levels, FPG levels, use of antihypertensive and lipid- 
lowering drugs and the presence of AHA/NHLBI-defined 
metabolic syndrome) were associated with prevalent CVD 
(dependent variable, MVD; reference group, NMVD),and 
the data were expressed as odds ratios (ORs) (see Table 2). 



In this analysis, in all of the macrovascular groups except 
for the CAD and NSCS groups, age was significantly asso- 
ciated with macrovascular disease. Male sex and diabetes 
duration were significantly associated only in the PAD and 
PVD groups. Reduced HDL-C was independently asso- 
ciated in the CAD and PVD groups. Statin utilisation was 
independently associated in all of the macrovascular 
groups with the exception of the NCSC group. MetS 
diagnosis was independently associated with only the PVD 
group. In the logistic regression model, the inclusion of 
logarithmically transformed values of HDL-C, LDL-C and 
triglycerides did not change the results. Similarly, when 
excluding MetS, logistic model coefficients were almost 
unchanged (data not shown). 
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Figure 2 MetS prevalence (white columns) and "severity'' (black columns) (presence of 3 or 4 AHA/NHLBI classification criteria) in the 
subgroups. The data are frequencies. *, significant at p < 0.001 from Chi-Square test. 



Table 2 Multivariate logistic regression analyses 







NSCS 






CBVD 






CAD 






PAD 






PVD 




OR 


95% CI 


P 


OR 


95% CI 


P 


OR 


95% CI 


P 


OR 


95% CI 


P 


OR 


95% CI 


P 


Gender (male) 


1.03 


0.54-1.96 


0.94 


1.35 


0.70-2.61 


0.37 


1.53 


0.85-2.74 


0.16 


2.90 


1.37-6.12 


0.005 


2.39 


1.53-3.73 


0.0001 


Age 


1.03 


1.0-1.06 


0.09 


1.10 


1.06-1.14 


<0.0001 


1.02 


0.99-1.04 


0.28 


1.09 


1.05-1.14 


<0.0001 


1.11 


1.08-1.14 


<0.0001 


WC 


0.99 


0.97-1.01 


0.36 


0.97 


0.95-0.99 


0.01 


0.99 


0.98-1.01 


0.45 


0.98 


0.96-1.00 


0.07 


0.99 


0.97-1.00 


0.04 


Diabetes duration 


0.98 


0.94-1.01 


0.17 


0.99 


0.96-1.02 


0.68 


1.01 


0.98-1.04 


0.60 


1.05 


1.02-1.08 


0.004 


1.04 


1.02-1.06 


0.0001 


Smoking History (yes) 


1.81 


0.52-6.38 


0.35 


1.44 


0.35-5.9 


0.62 


0.70 


0.26-1-90 


0.49 


2.02 


0.63-6.43 


0.24 


0.85 


0.42-1.73 


0.65 


SBP 


1.02 


0.99-1.04 


0.18 


1.01 


0.98-1.03 


0.46 


0.97 


0.94-0.99 


0.007 


1.03 


1.01-1.06 


0.01 


0.99 


0.98-1.01 


0.73 


DBP 


0.98 


0.94-1.02 


0.41 


0.99 


0.95-1.04 


0.84 


1.05 


1.01-1.10 


0.009 


0.95 


0.91-0.99 


0.03 


1.01 


0.98-1.04 


0.75 


AH user (yes) 


0.96 


0.45-2.02 


0.91 


1.25 


0.53-2.94 


0.61 


2.93 


1.19-7.23 


0.02 


8.4 


1 .02-68.4 


0.04 


1,55 


0.83-2.89 


0.17 


HDL-C 


0.99 


0.97-1.02 


0.66 


0.99 


0.97-1.02 


0.74 


0.97 


0.95-0.99 


0.03 


0.97 


0.95-1.00 


0.06 


0.98 


0.97-0.99 


0.03 


LDL-C 


1.00 


0.99-1.01 


0.16 


1.00 


0.99-1.01 


0.41 


0.99 


0.98-0.99 


0.02 


1.00 


0.99-1.01 


0.66 


1.00 


0.99-1.00 


0.09 


Triglycerides 


1.00 


0.99-1.00 


0.45 


0.99 


0.99-1.00 


0.18 


1.00 


0.99-1.00 


0.70 


1.00 


0.99-1.01 


0.65 


1.00 


0.99-1.00 


0.48 


Statin users (yes) 


1.51 


0.80-2.85 


0.21 


4.11 


1 .94-8.60 


0.0002 


2.31 


1 .24-4.30 


0.009 


4.92 


1.99-12.10 


0.0006 


3.42 


2.13-5.47 


<0.0001 


HbA1c 


0.94 


0.76-1.15 


0.53 


1.08 


0.87-1.34 


0.48 


0.93 


0.76-1.13 


0.45 


0.78 


0.60-1.03 


0.09 


0.98 


0.84-1.13 


0.75 


FPG 


1.00 


0.99-1.01 


0.26 


0.99 


0.99-1.00 


0.35 


1.00 


0.99-1.01 


0.33 


1.00 


1.00-1.01 


0.51 


1.00 


0.99-1.00 


0.95 


MetS (yes) 


1.29 


0.47-3.57 


0.62 


1.33 


0.43-4.12 


0.62 


1.10 


0.37-3.27 


0.86 


1.81 


0.34-9.73 


0.49 


2.30 


1.01-5.29 


0.04 



Relationship (ORs) among selected variables and the macro-vascular groups (Dependent variable, macrovascular groups; reference group, NMCV). Values in bold are significant. 
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Discussion 

The first goal of our study was to assess the prevalence of 
different macroangiopathic conditions in our patients. 
Our study demonstrates that 46.4% of our patient popula- 
tion has macrovascular disease. It is well known that CVD 
prevalence, incidence, and mortality are strikingly greater 
in the diabetic than in the non-diabetic population. 
According to the World Health Organization, CVD 
prevalence in diabetic patients ranges from 26 to 36% [6]. 
The significantly higher prevalence of macrovascular 
complications in our patients is likely linked to patient 
characteristics (average age, diabetes duration, poor gly- 
caemic control over time) and due to our inclusion of 
NSCS patients. As expected, almost half of our patients 
had polydistrectual involvement. 

Advanced atherosclerotic vascular changes are often 
preceded by impairment of endothelium-dependent 
vasodilation, vascular smooth muscle dysfunction and 
increased arterial stiffness. Today all of these factors are 
recognized as predictors of vascular dysfunction in T2DM 
patients [7]. Atherosclerotic disease usually causes sys- 
temic involvement, which is more frequent in the diabetic 
population [8]. Moreover, atherosclerosis in diabetic 
patients is different from that in non-diabetic subjects 
because both pathologic studies and angiographic reports 
in individuals with coronary heart disease and PAD have 
shown that diabetic patients have more blood vessels 
involved, with a more diffuse atherosclerotic lesion distri- 
bution [9,10]. 

Genetic studies have also shown that different macro- 
vascular phenotypes (as CAD and CBVD) and T2DM 
share a major linkage at the chromosome 12q24 locus. In 
this regard, the gene of proteasome modulator 9 (PSMD9) 
is linked to macrovascular pathology of T2DM [11]. 

Estimated twenty years incidence of different cardiovas- 
cular complication phenotypes (ischaemic heart, myo- 
cardial infarction, heart failure, cerebrovascular disease, 
amputation of lower limbs) was evaluated in a Mexican 
diabetic population by a simulation model indicating that 
a large portion of this diabetic population is at risk of 
myocardial infarction and cerebrovascolar disease in sub- 
sequent years [12]. Also in our study, among patients with 
macrovascular-isolated events, the majority of patients 
were placed in the CAD (16%) and CBVD (14.6%) groups. 

PAD, CAD and CBVD risk factors are similar and are 
also typical atherosclerosis risk factors. These risk factors 
include smoking, dyslipidaemia, diabetes and hyperten- 
sion. However, specific risk factors, such as genetic back- 
ground, could be more important for the development of 
macro-vascular disease at certain sites. To the best of our 
knowledge, no study has compared the anthropometric, 
clinical and laboratory features in type 2 diabetic patients 
by stratifying patients according to the type of macrovas- 
cular involvement. For this reason, as a second study 



target, we tested the hypothesis that different macrovascu- 
lar involvement types might correspond to different phe- 
notypes. By analysing the anthropometric and clinical 
characteristics of subgroups of patients, we found that 
PAD and PVD patients were older, had had diabetes for a 
longer period of time, were more likely to have been smo- 
kers and had a lower weight, BMI and WC than did the 
patients in the other groups. A multivariate analysis de- 
monstrated that age, male sex, diabetes duration and the 
use of statins were the most important independent PAD 
and PVD risk factors. It is noteworthy that the same char- 
acteristics were not found to be independent risk factors 
in the CAD group and that the average patient age in this 
group was comparable to that of the population without 
macrovascular complications. The question arises of 
whether a genetically determined predisposition alone 
may explain the early onset of cardiac involvement in the 
CAD group. In recent years, many genetic risk factors for 
both diabetes and coronary artery disease have been 
discovered through genome-wide association studies. 
Genetic aspects of diabetes, diabetic macrovascular com- 
plications and CAD may share mechanisms, leading to a 
common effector hypothesis. However, only a few genetic 
risk factors could be identified that modulate the risk for 
both conditions. Polymorphisms in the TCF7L2 and near 
the CDKNZA/B genes may be of great importance for 
CAD development because these genes modulate both 
conditions and are not necessarily related to hyperinsuli- 
naemia or hyper glycaemia [13]. 

The complex interactions between genetic and environ- 
mental factors on cardiometabolic risk were analyzed by 
twin studies indicating that some cardiometabolic risk 
factors had strong heritability (as weight, waist circumfer- 
ence, SBP, DBP) while others were substantially influenced 
by environmental factors [14]. 

By analysing glico-metabolic parameters (HbAlc, fasting 
glucose, postprandial glucose and A post-preprandial blood 
glucose) we found no differences among the six subgroups. 
Despite a clear association between diabetes and athero- 
sclerotic vascular disease, the underlying mechanism 
responsible for the two diseases is not fully understood. 
The relative importance of "non-glycaemic" risk factors 
and hyperglycemia "per se" has always been debated [15]. 
Results on the causal relationship between hyperglycemia 
and macroangiopathy have been contradictory. Plenty of 
evidence suggest a significative relationship between HbAlc 
levels, post-prandial hyperglycemia, and risk of CV events 
and adverse outcomes especially in overweight and obese 
patients [16,17] . However, recently three major studies, 
ACCORD [18], ADVANCE [19] and VADT [20] eva- 
luated the impact of attaining euglycemia (ACCORD) or 
near-euglycemia (ADVANCE and VADT) in patients with 
long-lasting diabetes and high cardio-vascular risk. None 
of these studies, either individually or on pooled analysis, 
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demonstrated any reduction in all cause or cardiovascular 
mortality, although a meta-analysis revealed a 15-17% 
reduction in the incidence of non-fatal myocardial infarc- 
tion in those patients exposed to tight glucose control 
[21]. A higher mortality was observed in the intensive glu- 
cose control arm of ACCORD, leading to the premature 
termination of the glucose-lowering component of this 
study. The weak association between glycemic control 
and macro-vascular disease observed in UKPDS [22] has 
been confirmed and amplified by these recent interven- 
tion studies. Accordingly, our data show that glycated 
hemoglobin, post-prandial and fasting glucose were similar 
in each subgroup considered. However, the relationship 
between hyperglycemia and macrovascular complications 
is made even more complex by the potential role of epi- 
genetic mechanisms, as the metabolic memory, by which 
a prior exposure to hyperglycemia predisposes diabetic 
patients to the continuing development of vascular diseases 
despite a subsequent good glycemic control [23]. Further- 
more, in our study, referral bias (diabetic patients with poor 
metabolic control referred to us for the first time) did not 
allow to clarify the causal or temporal relationship among 
macrovascular events and glycemic control over time. 

By analysing the lipid profile, we found a clear differ- 
ence in HDL-C among the groups, which was lower in 
CAD, PAD, and PVD patients. These data are in accord- 
ance with other scientific evidence that support the im- 
portance of this macroangiopathy-associated risk factor. 
In a multivariate analysis, we also confirmed that reduced 
HDL-C values are independent CAD and PVD risk fac- 
tors (the association was borderline significant for the 
PAD group). The importance of HDL-C as "target the- 
rapy" is now emerging from recent cardiovascular trials 
of CETP (cholesteryl ester transfer protein) inhibitors, 
such as Anacetrapib [24] and Evacetrapib [25]. This new 
pharmacological group is very promising for cardiovascu- 
lar risk reduction either when administered alone or in 
conjunction with conventional therapy. 

Many reports have suggested that metabolic syndrome 
may precede/predict vascular disease. It has been reported 
that insulin resistance and metabolic syndrome increase 
the risk of new cardiovascular events also in patients with- 
out known diabetes but with manifest arterial disease [26] . 
In type 2 diabetes, metabolic syndrome is highly prevalent 
and often precedes hyperglycaemia onset [27,28]. Further- 
more, insulin resistance and metabolic syndrome predict 
atherosclerosis in type 2 diabetic patients [29]. Our find- 
ings support the clinical relevance of MetS component 
detection, which may be a simple, quick tool to stratify 
diabetic patients according to the expected macrovascular 
complication severity (as a polydistrectual disease). 

Microvascular complications were not equally present 
in the various groups. We found more diabetic nephro- 
pathy, as assessed by micro/macroalbuminuria or by 



calculating the eGFR in the CAD, PAD and PVD groups. 
Diabetic neuropathy was more frequent in the PAD and 
PVD groups, and diabetic retinopathy was strikingly 
present in the PAD group. As expected, patients in the 
CAD, PAD and PVD groups were the largest statin and 
antihypertensive drug users, and those in the PAD and 
PVD groups were more frequently treated with multiple 
insulin injections. 

Strengths and limitations 

Macrovascular complication phenotyping in type 2 dia- 
betic patients has not yet been reported. Such phenotyp- 
ing may have diagnostic and therapeutic implications in 
type 2 diabetes management. An additional strength of 
our study is the large number of patients who were stu- 
died in a single clinical centre, with each diagnostic 
examination being performed by a single operator. How- 
ever, we recognise that there are some limitations to our 
study. First, the retrospective cross-sectional design pre- 
cluded the establishment of causal or temporal relations 
among macrovascular events and other features in our 
diabetic population. In addition, this study mainly 
included older diabetic subjects who had unsatisfactory 
glycaemic control, who may not have been representa- 
tive of the general diabetic population. 

Conclusion 

Our study shows that nearly half of diabetic patients, espe- 
cially those who are elderly and male with a long disease 
duration, have polydistrectual atherosclerotic involvement. 

The characterization of different phenotypes may have 
a clinical significance for the everyday clinician. 

Firstly, different factors were associated with isolated 
coronary artery disease, like a mean age comparable to that 
of patients without macro-vascular complications and a 
high frequency of severe metabolic syndrome. These data 
raise the interesting hypothesis that coronary artery dis- 
ease, metabolic syndrome and diabetes may be genetically 
linked in some individuals. Further studies may clarify 
whether this is because of genetic background and/or be- 
cause coronary heart disease might be the first event in 
polydistrectual atherosclerotic involvement. 

Secondly, low HDL-C values are a marker of PAD, CAD 
and PVD, confirming the importance of HDL-C as a 
potential therapeutic target. Alternatively, lifestyle modifi- 
cation strategies to prevent a low HDL-cholesterol should 
be implemented. 
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